Abstract. -By means of the Mossbauer Effect a systematic dose and dose rate study has been performed on xenon implanted in iron.
The substitutional fraction of the xenon nuclei decreases when the implantation dose is increased from 5 X 1011 atoms/cm2 to 1015 atoms/cmz.
Two samples were implanted both to a dose of 5 X 1013 atoms/cm* but with a dose rate ratio of 75. The sample with the highest dose rate shows the highest substitutional fraction.
To describe the evolution of an implanted system we propose a model based on the interaction of the impurities with the radiation damage during implantation. This model is consistent, at least qualitatively, with the experimental results.
--f 1. Introduction. -Xenon implanted in iron (XeFe) has been the object of several hyperfine interactions and channeling-backscattering measurements during the last years [l-81. General agreement exists now about the existence of different inequivalent sites for the impurities. The populations of these sites however are not unique but may be dependent on the implantation parameters, namely dose, dose rate and + temperature. In this work the evolution of XeFe as a function of dose and dose rate has been s t u d i a by means of the Mossbauer effect (ME).
Experimental procedure. -All implantations
were performed at room temperature in polycrystalline, high-purity (99.99 %) iron foils by the Leuven Isotope Separator at an energy of 75 keV. The ion current was measured at the target itself, the target being part of a Faraday cup, and the current was integrated continuously. The beam was swept in two directions to achieve maximum homogeneity. From measurements we claim that the error on the total dose is less than 15 %.
For the investigation of the site populations, we have studied l z 9 " Z e~e . lZ9Xe has a suitable Mossbauer level at 3 9 . 6 k e~ with a natural linewidth r, = 3.4 mm/s. The activity was obtained from neutron irradiation of 1271 ; this procedure has been described elsewhere [5] . The absorber consisted of sodium perxenate Na,Xe0,.2 H 2 0 (obtained from PCR Inc., Gainesville, Florida) and had a thickness of 20 mg Xe/cm2. The y-rays were detected in a Xe-filled proportional counter, with the window setting on the escape peaks of the 39.6 keV line.
Since the specific activity of the 129mXe reactor -+ sources is rather low, we used 133XeFe for the study of the dose rate dependence of the site populations. 133Xe (t,,, = 5.3 d) feeds throuih :h-decay the 81 keV Mossbauer level of 133Cs. Because of the 512 -+ 712 transition, the Miissbauer spectra exhibit a complicated line pattern, but this is somewhat compensated by the narrow linewidth T o = 0.27mmls. The absorber consisted of CsCl powder and contained 300 mg 133Cs/~m2. A 3" X 3" NaI(T1) scintillator was used to detect the 81 keV y-ray. The sources were mounted on an electromechanical drive system, operating in the triangular velocity mode. All measurements took place in a liquid helium cryostat, where source and absorber were cooled by exchange gas. Apart from the magnetic field, each site is characterized by a specific Debye temperature 8, leading to different recoilless fractions f at LHe temperature. In order to obtain this information, measurements were done in which the source was kept at various temperatures between 15 K and 115 K. From the intensity variation of the various components, the following values were obtained for the Debye-temperatures andf-factors at 0 K. The problem arises now about the nature of these field sites. Combination of channeling-backscattering [3] and hyperfine interaction measurements [6] leads to the identification of the high field site with the substitutional one. The results for hyperfine fields and Debye temperature, together with the calculations of Sondhi [l01 lead to the conclusion that the i-field site belongs to xenon atoms with one associated vacancy, the I-field site to xenon atoms with two associated vacancies and the o-field site to xenon atoms with three or more associated vacancies (see also ref. [2] and [l l] a fraction a of the implanted atoms feels the full hyperfine field, the remaining fraction feels such a small field that no measurable anisotropy comes from these impurities. With *this analysis the full field fraction decreases continuously when the dose was increased from As the N. 0. experiments could not differentiate further between the different low field fractions, a systematic dose study with the Mossbauer effect technique has been done. Figure 1 to 4 indicate that the population of the different field sites is not constant, but varies when the implantation dose is varied. The populations of site i and I have been added since the fitting procedure does not allow a strict decorrelation between the two intensity parameters. A possible explanation for this dose dependence of the different site populations will be given in 8 4.
Experimental results and their
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DOSE RATE DEPENDENCE OF THE SITE POPULATION.
-A series of ME-measurements were done to investigate the influence of dose rate (atoms/cm2 S) on the different site populations.
In a first experiment we have implanted 133Xe in two different iron foils up to the same dose (5 X 1012 atoms/cm2) but with a dose rate ratio of 50. There was not any significant difference between the two spectra. When we use a dose of 5 X 1013 atoms/cm2 and a dose rate ratio of 75, both spectra are clearly different (Figs. 5 and 6 ). Performing a three-component fit [6] resulted in the intensities of table 111. The ratios between the intensities are dose rate dependent. Absolute populations cannot be given. Indeed Reintsema pt al. reveal the existence of a fourth component which is not visible in the Mossbauer spectra due to its zero-recoilless fraction [6] . Since we have not measured the fourth component we cannot take it into account for the calculation of the absolute site populations. In any case, the dose rate dependence of site populations is obvious. The high field site population is favoured in the samples which are prepared with the high dose rate. A possible explanation of this phenomenon will be given in 4.
Model for the site population and conclusions. -
The fact that not all implanted impurities are on the same site-the substitutional site -has to do with the interaction of a part of the impurities with the radiation damage produced during implantation.
An impurity may interact with its own damage cascade where P, is the probability for landing directly substiand with the damage coming from other cascades. tutionally. If there was only an interaction of the impurity with I. e. in the low dose region one can look at the its own damage cascade there would not be any dose landing dynamics of an impurity. dependence. This is contradicted by our experiments.
lim a = v , , So every model trying to describe the evolution of n-tm an implanted system has to be constructed on the basis of the interaction of impurities with defects from its own collision cascade and with defects from the other cascades.
In an extensive treatment we have developped a model by which an implanted system may be described (*). The rest of this paragraph will be a short summary of this model.
During implantation each inequivaknt site is fed with a certain probability. Transitions between different sites are possible due to trapping, detrapping and annihilation of defects. It means that all transitions are proportional to the defect density N,. An expression is obtained for N, in the case of dynamical equilibrium of the defects :
with Q, the dose rate.
A set of simultaneous differential equations may be written down, the solution of which gives the evolution of the different site populations as a function of time, which may be converted to a function of dose n.
E. g. the substitutional fraction or goes as :
N is the number of different sites, Q, is the dose rate, ui, m , v, and W, are constants, only dependent on the specific combination impurity-host. Some features of this curve are :
n-rO (*) ODEURS, J., COUSSEMENT, R. and PATTYN, H., to be published.
i. e. the substitutional fraction goes to a saturation value which is not dependent on dose rate Q.
In the high dose region the trapping and detrapping mechanisms are dominant and this may give, more fundamentally, an insight into the different defect potentials near an impurity. The experimental dose dependence is qualitatively in agreement with the produced curve. From (2) it is clear that the substitutional fraction a would be independent on the dose rate Q, if and only if y = 1. Since it has been shown [l21 that y = 1 means correlated annihilation of defects and y = 2 uncorrelated annihilation of defects our dose rate dependence proves that the transitions between the different sites are, at least partly, produced bv free. uncorrelated defects.
with the substitution (2) may be rewritten An important result is that all data concerning the population of one particular site, on one implanted system have to be fitted with a single curve which we call the reduced curve (4) .
From these considerations we may conclude that one has to take into account the implantation conditions as dose and dose rate when one compares different experiments on the same combination host-impurity.
